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Outline of Presentation

 Aerosol Generation

» Aerosol Measurement for bactena and
viruses; protein molecules and fragments.

» Charactenization of Exposure Chambers -
are the aerosols well distributed, flow

modeling, transport In respiratory system
and deposition

 Inactivation of Bioagents in Airbome
Streams - just brief mention.
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EVEN BIOAEROSOLS COVER A BROAD RANGE
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Salt residues, surfactants, ionic solids

PHYSICS OF TRANSPORT, GROWTH

= Size (aerodynamic size?, shape is also mportant)

= Concentration ( number based metnc, # / cm?)

=  Morphology — shape, agglomerate state

= Biological particles generally cammy a surface charge, very mportant
=  Other surface charactenstics — hydrophobic, hydrophillic, etc.
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AEROSOL MEASUREMENT

IR T
] e

O
EXPOSURE CHAMBER | e L

OTHER IMP. CONSIDERATIONS

- Transport Modeling

- Aerosol dynamics (size change)
- Resipratory Deposition

AEROSOL GENERATOR
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Aerosol Generation

» Aerosolize suspension in liquid without
changing viability (considerations:
fragmentation, charge distribution, etc)

* Role of other constitutents — surfactants,
ionic salts, efc.

 Resultant throughput and size distribution
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ATOMIZATION

« Uses a high velocity air jet to create a
pressure difference that pulls hiquid
w/suspension from a reservoir

AIr jet breaks up liquid stream into

smaller droplets are aerosolized. Larger
droplets drop back into reservoir

s+ Possible disadvantage: damaging of

!
/

2
ﬁ droplets
‘  Impaction resulis in size selectivity — only

organism on impaction. Re-design will
result in gentler impaction, and non-reuse
of larger droplets generated
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NEBULIZERS

« Similar principle as
atomizer — gentler
aerosolization

« Can have higher
throughputs, lesser
control on size

* Designs (such as
BANG, eic to
minimize foaming)
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SEM images of MS2 bacteriophage (polio virus surrogates)
aerosolized with a Collison Nebulizer

{a) Virion particles i snspended solnmtion {b) Virion particles afier nebulizer

Nebulized Parficles Tend to Clump T@

Hogan, Lee, Biswas {2003) In review, Aerasof 5ci. Technol.
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Though the viral particles are
ZD nm N diameter, we measure 10°
a broader size disirbuion

Smaller particles are due fo
fragmenits of the particles — ether
due to nebulzation or due to breakup
as a result of surface charges

Larger particles due to
tendency to aggregrate
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Our systems have allowed us 4 -i! Mebulizarw/ Xeray %%
fo conduct fundamental studies d | L L |
on charge distributions on these w . Fres

viral particles — NEVER DONE ek

BEFORE.

Why are such fundamental studies REAL TIME MEASUREMENT OF VIRAL
Important? — To better design PARTICLE SEZE DISTRIBUTIONS.

cortrol methodologies, scale up,
ensure byproducts are not formed
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« Use an applied Flow ke Filer
electrical field to break—<—r=
up droplets %
- Ability tﬁ maniwlate __L_tt::tttttttt::tt LRI
size in very nairow [T} [
ranges and hence state e
of the resultant <He el cos ;
particles {overcome van
der Waals forces which !
tend to hold particles A
together causing o—f0' e Cone. #eal [S/dlostieh) - Base date
clumping) |
« Can eliminate role of is |
other additives in the .
solutions
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POST GENERATION CONDITIONING

Can also use
AEROSOL CONDITIONING | devices
@ {e.g. Diffusion Dryer)
- ‘: : L

*,

AEROSOL GENERATOR
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\ Choice of Filling

To selective emove
Liquid constituent
e.g. desiccant silica
For walker



Summary of “Aerosol Generation”

* Nebulizers may not be able tfo produce single
units of the bioagent; even If starting matenal is
“ultra-pure”. Atomizers maybe betler in size
control, but may alter viability

» Post conditioning is a viable means of obtaining
a well charactenzed aerosol, and maybe
essential

« Electrosprays one of the best ways of generating
particles In a large range of sizes
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Aerosol Measurement

« Real time instruments that measure size
distnbutions

« Most reliable are the electrnical mobility
techniques — especially for particles in the
submicrometer and nanometer size ranges

- Optical instruments based on light scattening are
also feasible — need some pnor knowledge of
organisms

 As real ime instruments are well developed,
routine monitoring in chambers using probes are
advisable
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GOVERNING EQUATIONS OF PARTICLE MOTION

- Equations for transport dv, 3fryd

. External force fields — " 4t C v+ F,
gravity, electrical forces F E
o =qkF
» Other modes of 2
-di ] kT
transport: diffusion 5 - Diffusion Coefficient
« Important non- 3rpd,
dimensional 5
parameters o — P SIS
18 uL
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DIFFERENTIAL MOBILITY ANALYZERS . |ve

Charged Aerosal

- Differential Mobility Analyzer — I
known charge on particles that are * l , ‘i“’”“-"’*‘“f“’_”_’lq
then classified in an electrical ficld 1%“

= Based on tuned electncal ficld } % EC
(appled voltage) — a very namow % ] ;.
size of the particles can be N / / 3z pd,
selected _ “x%;’ —l

= The monodisperse stream can be \Q % g
used for further studies, or can be \ % / {
sent to a Condensation Particle 2
Counter for counting D\ i1, L

= Sequential change in voltage i o RERon
allows mapping the entire size s
distribution — Instrument called the Ei '
Scanning Mobility Particle Sizer
(SMPS) e

&l Washington University in St.Louis
AAQRL. - Aerosol and Air Quatity Research Laboratory



Overall system layout (SMPS)
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r— NANO - DMA

Aerosal

 Need to measure
and classify real
small particles —
nanometer sized,
15770 e such as viruses,
6 3819 aam protein fragments,
Excess Etﬂ

____ Arerosol

« Diffusion losses
2 ] . preclude effective
A —— e measurement

Aerosol

I a5 T ||| B » Modify DMA to

| ' | minimize flight time
and losses of
nanoparticles — the
NANO- DMA.
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INSTRUMENTATION FOR QUICK DETECTION OF VIRUSES & PROTEIN FRAGMENTS

4x10° |
3x10°
2 2x10°
S L ine | MS2
g XL caism {Kukami, Chen, Biswas, 2003
r.:- 1.12 ___.""'. t‘-.,___.__f
Of ‘m———— " System can also measure
Protein fragments - selectivity
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Particle diameter, D (nm)

APPLY TO BIOAGENT
DETECTION SYSTEMS
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OPTICAL MEASUREMENT SYSTEMS

Chopper Yiew Yolome
I & ) s
He-Ne Laser, H U
':::I;f:? Photomnitipher tube
Lock-in-amphfier
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Rayleigh and Mie Scattering Theories

Iu A.E(Cw +Chh) Scattered hght
81’ R*

I(0) =

Scattered Intensity is a funclion of pariicle size, refractive ndex, angle of detection
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¥ : MEASUREMENTS

Laser Beam
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Aerosol Source
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Detection of Micro-Organisms

 There Is a renewed interest in quick and robust
methods of detection of micro-organisms

» Laser based optical scattering systems offer a
potential method of identifying larger bactena —
depending on shape, size and viability, they
have unique light scattering patterns as a
function of angle

« Can also modify fo measure uv-vis absorption,
or fluorescent signal to improve selectivity of
detection.
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ANGULAR DISTRIBUTION OF SCATTERED INTENSITY
FOR ROD SHAPED MICRO-ORGANISMS

R B. Subtilis ANGULAR DISTRIBUTION OF
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AGls — How effective are they?

Collsction
Efficisncy

2
% £, C‘dp U S
18 uL

0%

Stokes # ~ {dp}é

= AGI — Impmger designed for collection based on mpaction of bicaerosols
onto kiqued surface

= Impaction efficiency increases with Stokes Number, St; which is

proportional to square of diameter

=Bactena which is in 1 to 10 um range Is 100 tames larger than viruses. Hence
St s 10,000 ttmes smaller. Collection Efficiency is not going to be 100%
=Increasing velocity may help — but may alter viability of organism dunng
collection

*Need to design more effective collection systems for viruses and fragments
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Summary of Aerosol Measurement Devices

« Tofal particle counts — best instrument iIs the
Condensation Particle Counter (CPC)

 Particles less than 100 nm — use the NanoDMA
— CPC system

« Particles between 100 and 1000 nm — use the
DMA (SMPS system)

» Particles greater than 1000 nm (1 um) — use
Optical Particle Counters (OPC) or Aerodynamic
Particle Sizers

« Characterize systems such as AGI’s for the
system In which they are to be used
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Exposure chambers [ measuring the viabie
organisms by AGI s at the
outlet good enough to
calculate dose??

* Due to complex flow
pattems there is a spatial
vanation of aerosol
concentration, and

hence may have localized
regions — especially near
anmal intake ports

/2 i NN » Have the tools to

& > characterize this — both
expermmentally and
theoretically!
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Flow modeling, distribution in chamber

- (Goveming equation for particle transport

on 5 D —

— = DV'n - ueVn + —Ve(F_.n

ot kT (Foa)
\_\_J X = kom » J
Dhaffusion Convection External Forces

 Need flow field — can solve Navier Stokes equations, or
use CFD codes

» Use velocity field, u, to solve particle size distribution, n,
variation as a function of space and time

- Particle spatial distnbution will be a function of size,
geometry of chamber
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Respiratory deposition

« Using spatial and time
variation of size
distnbution function in
respiratory chamber, can
calculate size dependent
deposition in respiratory
sysitem

« Importance of particle

morphology (aggregates)
and charge distnbution
very critical for accurate

estimation

» htlp.//www _aerosols wustl.
edu/aaqri/courses/cycopcr

esp/
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BIOAGENT INACTIVATION STUDIES:
DEVELOPMENTAL PROJECT

- Capture and inactivation of bioagents, such as
viruses and bacteria, from air streams important
in many applications

— Applications In aircraft cabin air filtration,
indoor building ventilation systems, chem-bio
agent inactivation (counter measures to
bioterrorism)

« Several agents of interest — SARS virus, Small
pPOX Virus, spores, anthrax

- Several technologies in various stages of
development (Alving, 2002). Most are based on
filtration systems which are plagued with high

pressure drops, maintenance and operational
problems
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= High voliage generates a corona, that produces
an ion rich environment. Due 1o Emadiation from
Soft x-ray unit, there is a cascading effect that
results m much higher ion concenirations

= Difficult to charge particles (ulirafine sizes) -

are readily charged, and frapped in electrical field
= Due 1o high ion concentralions, and oxidizing
environment, ornganic species are readily converied
1o carbon dioxide.

= Can further promote this with an nanostructured
catalyst coatng

-Very compact unit

= Can be readily mounted on existing duct work

- More than “4 to 5 logs™ removal demonsirated
for sumogates such as polio virus

Currermtly funded by the NiH Bio-Defense Project
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EXPEETMENTAL SYSTEM FOR AERMSOLIZING VIRTSES FOR CAPTURE TESTSIN CORONA S(FT X EAY UNIT
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Capture cfliciency at different particle diameters from 10 —225nm
without neutralization with a Po-210 bipolar charger(Q=10lpm).
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Capture cfhiciency at different particle diameters from 10 —
225mm with a Po-210 bipolar charger(Q=10lpm).

Caplure Elficiency |-
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LOG CAPTURE OF VIRAL PARTICLES AS A FUNCTION OF APPLIED VOLTAGE
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rosol aspects of aerobiclogy quite complex; but ae
science and engineenng is sufficiently advanced to address
and resolve these issues.
Collaboration with main stream aerosol scientists
strongly recommended

 Thank you for your attention

» Questions?
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AERODYNAMIC PARTICLE SIZER

-Parlicles are accelerated n a flow
fimid

-Velocily is a function of the Stokes
Number

-Use two laser system to time
movement along a fixed distance,
and then back calkculate pariicle size

=Detection method good for larnge
pariicles, as Stokes number goes as
particle size*2. Can measure > 1

micrometer very effectively
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